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SUPPLEMENTARY FIGURES:

Figure S1: Isothermal difference spectra for some quadruplexes.

A thermal difference spectrum (TDS) is obtained for a nucleic acid by simply recording the

ultraviolet absorbance spectra of the unfolded and folded states at temperatures above and

below its melting temperature (Tm). The difference between these two spectra is the TDS. The

TDS has a specific shape that is unique for quadruplexes (1)(Mergny et al., in preparation),

thus providing a simple, inexpensive and rapid method to gain structural insight into nucleic

acid structures which is applicable to DNA and RNA from short oligomers to

polynucleotides. The unusual thermal inertia of parallel quadruplexes also allowed us to

record isothermal difference spectra. By convention, we chose to subtract the absorbance of

the folded form from the spectrum of the unstructured oligonucleotide. These isothermal

difference spectra are similar, but not identical, to TDS, as the absorbance spectra of the pure

species (single-strands or quadruplexes) are temperature-dependent. Spectra were recorded

between 220 and 335 nm with a Kontron Uvikon 940 UV/Vis spectrophotometer using quartz

cuvettes with an optical pathlength of 0.2 or 1 cm. The spectra confirmed that the

oligonucleotides adopted a quadruplex conformation.

a) Isothermal difference spectra at 20°C in NaCl for 5 different sequences at 15 or 30 µM

strand concentration: filled circles: d-(TG5)4; vertical crosses, full line: d-(TG4)4;

squares: d-(T2G5)4; circles: d-(TG5T)4; crosses: d-(TG6T)4;
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b) Isothermal difference spectra at 20°C in NaCl for 7 different sequences (100 µM):

filled circles: d-(TG4)4; vertical crosses, full line: d-(TG4T)4; squares: d-(G4T)4;

circles: d-(G4T2)4; crosses: d-(T2G4)4; circles/crosses: d-(AG4)4;  little crosses: d-

(AG4T)4

Note that the differential absorbance spectra are relatively similar, except for d-(G4T)4 and d-

(G4T2)4 which also exhibit unusual migration on a non-denaturing gel (figure S4).

Figure S2: Fitting procedure.

a) Example of excellent agreement between experimental data at two wavelengths (240

and 295 nm, blue and red, respectively) and equation (2). d-TG6T oligonucleotide at

15 µM strand concentration in a 0.11M Na+ pH 7.2 buffer at 12°C. Inserts: results

fitted by Kaleidagraph 3.5 software. m0 = time; m2 is the association rate constant;

m3 the final absorbance, m4 the initial absorbance (at t=m0=0, no quadruplex

formed). The fitting formula in Kaleidagraph format is therefore

M3+((M4-M3)*((1+((4-1)*M2*(0.000015^(4-1)))*M0))^(1/(1-4))).

(0.000015 corresponds to the strand concentration, in M)

b) Example of poor matching between the fits at two different wavelengths (240 and 295

nm, blue and red, respectively). Different kinetic parameters (kon values –"m2"- 2.8

109 and 1.7 1010 M-3.s-1) are deduced from the curves recorded at 240 and 295 nm

(conflicting results are also found at different concentrations). d-AG4 oligonucleotide

at 30 µM strand concentration in a 0.11M K+ pH 7.2 buffer at 11°C.

It is sometimes possible to resolve conflicting values by using lower strand concentrations

(but not in  this case). In our experience, kon values found at sub-optimal strand concentration



3

are more reliable than those found at supra-optimal concentration. In the latter case,

significant quadruplex formation is already obtained after a few minutes, and it is therefore

difficult to extrapolate the absorbance A0 to t=0 (no quadruplex). Errors in A0 determination

result in large errors in kon.

c) Example of experimental data that cannot be fitted. d-G4T oligonucleotide at 100 µM

strand concentration in a 0.11 M Na+ pH 7.2 buffer at 3°C. The association process is

obviously more complicated than the usual model. (Also note that, as in case B, strand

concentration was too high).

Figure S3: Dual wavelength parametric test of the two state model (2).

a) Example of excellent linear fit between A240nm  an A295nm.

b) Example of poor adequation.

Experimental data taken from the experiment presented in figures S2A and S2B, respectively.

Figure S4: Non-denaturing gel electrophoresis of parallel quadruplexes

Formation of G4 DNA was evidenced by PAGE as previously described. Briefly, non-

radiolabeled oligodeoxynucleotides (200 µM strand concentration) were preincubated 1 day at

4°C in a 0.11 M KCl (or NaCl, data not shown) 10 mM lithium cacodylate pH 7.2 buffer, then

loaded on a 20% polyacrylamide gel containing 1X TBE and 20 mM KCl (Migration

temperature 20°C). Quadruplexes were revealed by an anomalously slow migrating band,

which was revealed by UV-shadowing with a UV light source (254 nm) and a digital camera.

Radioactive labeling (with 32P and T4-kinase) was not chosen, as the presence of a terminal 5'

phosphate may interfere with the formation of some higher order quadruplex structures

(quadruplex dimers) (3). T6-T18: single-stranded markers corresponding to dT6-18
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oligodeoxynucleotides. In each pair of lanes, the oligonucleotide is loaded "single-stranded"

(incubation by omitting KCl, and boiling prior to loading) or after a 3-day long incubation at

4°C in 0.01 M KCl. In most cases, a single quadruplex band is found. Note that d-(TG6T)4

quadruplex was not disrupted by boiling, whereas quadruplex formation for d-TG3T and d-

T2AG3 was only partial after 1 day at this ionic strength. The d-(AG4)4 and d-(AG4T)4

"quadruplexes", also slower than single-strands, are still unusually fast compared to other

quadruplexes.

Figure S5: Effect of pH.

a) Effect of pH on kon followed at 295 nm. d-TG4T oligonucleotide (determined at 3°C

0.1 mM strand concentration) in a 0.11 M Na+ 10 mM lithium cacodylate buffer.

b) Effect of pH on the denaturation curve followed at 295 nm. Circles: pH 5. Triangles:

pH 5.5, squares: pH 6.0, dashed line: pH 6.5; dotted line pH 7.2; full line pH 7.8. d-

TG4T oligonucleotide at 20 µM strand concentration in a 0.11 M Na+.

Figure S6: Effect of divalent (Mg2+) cations.

a) Effects of MgCl2 concentration on association rate constant kon at 4°C for the d-TG4T

oligonucleotide in the presence of 0.11 M NaCl (filled circles) or 0.11 M KCl (squares).

b) Examples of melting profiles at 240 nm of the preformed d(TG4)4 quadruplex in the

presence of various concentrations of MgCl2 (determined at 0.18°C/min). Filled circles:  no

magnesium. Triangles: 3 mM; crosses: 6 mM; diamonds 10 mM, circles: 15 mM. Note that

the differences in hyperchromicity are the result of incomplete quadruplex formation during

the overnight incubation (higher MgCl2 leads to faster association – see panel A -).
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c) Effects of MgCl2 concentration on T1/2 of the d(TG4)4 quadruplex (determined at

0.18°C/min). 10 mM pH 7.2 lithium cacodylate buffer with 0.11 M NaCl.

Figure S7: kon vs. temperature plots for 8 different sequences.

Data obtained in a 0.11 M Na+ (filled circles)  or 0.11 M K+ (open squares) at pH 7.0 or 7.2 in

a 10 mM cacodylate buffer. Sequence of the quadruplex-forming oligomer is shown on top of

each panel.
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